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COMPLETE SPECIFICATION 

Process/ for the Desulphurisation of Aromatic Feedstocks 



We, The Bjutish Petroleum Company 
Limited, of Britannic H</uw, Fiutibury Circus, 
London, E.C.2, a company incorporated in 
accordance with the Laws of England, do 

5 hereby declare the invention, for which wc 
pray thai a patent may be granted to us, and 
the method by which it is to be performed, 
co be particularly described in and by the 
following statement: — 

10 Thi$ invention relates to a process for the 
desulphurisation of aromatic feedstocks. 

Fractions consisting of or containing arom- 
atic hydrocarbons may be obtained 1 from 
petroleum hydrocarbon feedstock or by the 
destructive distillation of coal. Such fractions 
are frequently contaminated with sulphur m a 
number of combined forms, and whether the 
fraction is to be used -as such or is to be further 
pro;e$sed it is usually necessary to remove. 

20 this sulphar. This course is particularly neces- 
sary when the fracrion is to undergo catalytic 
conversion over a sulphur-sensitive catalyst. 
An important case where desulphurisation of 
an aromatic material is necessary is that in 

25 which benzene h obtained, either from a 
petroleum feedstock by distillation and extrac- 
tion procedures, or from coal, and then is 
hydrogenarcd over a nickel-containing catalyst 
to give cyclohexnne. One of the major uses 

30 of cydohexane is an an intermediate in the 
manufacture of nylon, and for this require- 
ment a high level of purity is required. Nickel 
catalysts are used because they have good 
activity at law temperatures and because they 

35 arc. cheap, but they are extremely sensitive to 
sulphur -containing material;!, and especially to 
thiophenic sulphur. This form of combined 
sulphur is one which is not as easily removed 
by conventional hydrocata lytic desulphurisa- 

40 tion procedures as is, for example, mcrcaptan- 
typc sulphur t and since the presence of such 
sulphur in a hydro^cnation feedstock would, 
in addition to deactivation of the catalyst and 
the effect this would have on the conversion 

45 efficiency, also adversely affect the hydrogen- 
[Price 4i.6d.) 



atcd material, it is clear that means must be 
found to remove or reduce the amount of 
sulphur present before the feedstock ts hydro- 
fjenated or i* otherwise used. 

We have found that aromatic materials may 
be desulphurized over a supported nickel cata- 
lyst in such a way that the catalyst has a long 
life and operating conditions are mild. The 
technique is particularly suitable for removal 
of thiophenic sulphur, but since this is The most 
difficult erf all types of combined sulphur to 
remove, it will also remove other forms of 
sulphur. If dwircd, however, and if the feed- 
stock contains a large amount of sulphur, a 
preliminary catalytic hydro-drsulphurisation 
step may be employed. Hydrogen sulphide, if 
present, may aho be removed in known 
manner. Such materials, although removable 
by the desulphurisation technique to be dis- 
closed, would shorten the catalyst life un- 
necessarily unless removed previously. The 
present technique can economically remove up 
to 10 ppm sulphur at up to 290 Q C. 

Wc have found that for a supported nickel 
catalyst there is a "threshold" temperature. 
Above this temperature the catalysts acts as a 
conventional hydrogenation catalyst in the pre- 
sence of hydrogen, but below it hydrogenarion 
oocurs only to & limited extent. Below the 
threshold temperature, however, the supported 
nickel material is capable of absorbing sulphur. 
The threshold temperature is comparatively 
low when the supported nickel material is 
frcsh t but as it absorbs sulphur, and thereby 
becomes sulphided. the threshold temperature 
increases. The sulphur capacity of tnc sup- 
ported nickel increases with increasing tem- 
perature, so that by progressively increasing the 
operating temperature so that this is just below 
the threshold temperature the full capacity of 
the supported nickel may be used. The absorp- 
tion effect is believed to be a massive effect, 
i.e. it is not merely a surface phenomenon, and 
the limit of sulphur capacity occurs when the 
nickel is sulphidcd in deoth. In terms of the 
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solphur: nickel atomic ratio the capacity of 
a nickel on sepiolite material is 0.06:1 at 
100 5 C> 0.26:1 At 200 C C and 0.46; 1 4t 
250 9 C The ulrimate sulphur capacity at much 

5 higher ttfnpcrttms may be as ;ugh as 1:1 
Tn practice all iiyr.lrogcnation activity is lost 
at &a average sulphur: nickel itemic ratio of 
about 0.1:1. 
For convenience :ho term ''supported mere I 

10 iacalyu"' ha* teer, used, although the effect is 
not catalyrk in the anrepied sense of the. tent). 
A small amoun: of hvdicgtti should be present, 
however, becausr. it has been found thar. in its 
absence & slow de-aanAtxn of the catalyst 

3.5 surface occurs. This is not due directly to 
the presence of sulphur, bm it is thought that 
vvher, ring type suiphjr (i.e. ihiophenk sulphur; 
is absorbed, ring splitting occurs with com- 
bination of the sulphur with the nickel surface, 

20 leaving an unsaturated hydecorbon fragment- 
It is postulated :bat polymerisation of these 
uisatiL-atrd fragmer.is wkes place and that 
consequently the nid-el vjrfirc becomes 
blocked. The rvesrncc of as little as 3.7 * 

25 10~ 2 litres o," hydrogen 'at NT?) per litre 
cf feedstock when desulphurising a benzene 
feedstock containing ^0 ppm thwphenic sul- 
phur h sufficient to prevent this. The process 
is rot one er catalytic hydro-desulphuriiatiar, 

?l» since hydrogen suip.nide does not appear at the 
rencter outlet. 

In accordance with tic foregoing the inven- 
tion consisw in a process for the desulphurisa- 
rion of ?.o aromatic feedstock which comprise: 

35 contacting the feedstock in the presence cf 
hydrogen, with a supported nicfcci catalyst at 
a'tanpevarars and pressure at which the cata- 
lyse has desuiphurisaUjn activity, but belo»v 
thtt »x which it has substantial hydrogenation 

40 activity, and progressively increasing tbe tem- 
perature, and, if desir**:, incasing the pres- 
sure, as the catalyst ukes up sulpfiur, the con- 
ditionj of operation beirig such that no sub- 
stantial amount of hydrogen sulphide is pto- 

45 daccd in the crocess. 

The term "aromatic feedstock" includes 
feedstock; containing a nu-jor proportion of 
aroma uc nydrocartoni, the remainder of the 
feedstock being not such as w de-activate the 

50 catalyst surface cr to be substantia Ily hyd/o- 
genatcd under the reaction condition?, and 
wholly arom.vic tractions or individual hydro- 



carbons or mixtures of such hydrocarbons not 
obtainable by distillation. The term "aromatic 
hydrocarbons' 1 inclutkf substituted aromatic 55 
hydrocarbons in which the substicucm group 
or groups u not *uch w to be substantially 
hydrogenated under the reaction conditions o: 
cause de-activation of cbe catalyst surface. 
Thus, suitable materials for treatment by die 60 
process of the invention would be, for example, 
mixtures of aroma ;ic hydrocarbons and 
paraffins or naphthencs, or a single hvdro- 
arbon, such is benzene. 

The supported nickel catalyst used, may b* 65 
elemental nickel supported on a natural or 
synthetic support, such ^s, for example a 
refractory oxide of Groups II to V of the 
Periodic Tabic, or klcsciguhr, jvurnice, or 
sepiolite. Sepiolite is the preferred support. 70 
It is a commercially available clay mineral 
which occurs naturally, and may also be pre- 
pared synthetically . Our British Patent No. 
899652 discloses and claims catalysts compris- 
ing nickel supported or a base consisting 75 
essentially of sepiolite, and high surface area 
{and hence high activity) arid high selectivity 
materials prepared ard activated according to 
the disclosures of this patent are the preferred 
catalysts for use in the present process. Pre- 80 
fcrred citalysts contain from 1 to 50% nickel 
(expressed as elemental nickel), and more par- 
ticularly from 5 to 25% wt. 

The hydrogtrt used b the present process 
may be commercially pure, or it may be used 85 
as a mixture with one err more substantially 
sulphur-fm: reaction-inert constituents, A suit- 
able mixed would be tha: obtained from 
a r.eam reformer, containing 95'% hydrogen, 
the remainder of the ga* bcinj methane. Gases 90 
containing hydrocarbons ho vtng two or more 
carbons per molecule may be used, provided 
tha: reaction conditions arc carefully controlled 
to avoid cracking, which in the presence of 
the nickel catalyst might lead to an exothermic 95 
reaction and i. temperature runaway. Prefer- 
ably when inert constituents sre present the 
hydrogen content of the mixed gaa should be 
at. least 50 mole %, and more particularly 
f-om 70 to 99 mole %. MO 

Suitable operating conditions for the de- 
suJphurisation of m aromatic feedstock accord, 
ing to the invention may be selected from the 
following : 
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Temperature 1> C. progressively increased within the range 
50 to 290° C. (122 to 554° R) corresponding 
io a sulphur : nickel atomic ratio of 0.035 
to 0 . 53, The preferred range is 75 co 250 a G 
(167 to 4B2° FO corrcstxincling to a sulphur : 
nickel atomic ratio ot 0.045 to 0.46. 

Prrssuic psig 0 to 2000, preferably 0 to 50 up Co a sulphur ; 

nickd atomic ratio of 0.1 : 1, and then 
50 — 2000, 

Space velocity v/v/hr. 0.05 ro 10. 0 (preferably 0.2 to 5.0). 
Inlet hydrogen: molar 0.01 to 0.5 ; 1 (preferably 0.05 to 0.2 ; 1) 
hydrocarbon 
ratio on total feed 



In aruol operation :he reaction pressure 
may be increased stepwise, lince it has been 
found that Tiiis increase* the extent of dcsul- 

5 phurlsaticn at a tiven rsmpcrature. However, 
It also increases che extent of hydiogcnation 
tajdng place* at that temperature, and Therefor: 
lowers the threshold temperature. The process 
is earned out, when using a fresh cttalyst, by 

10 passing the feedstock over the catalyst at a 
temperature and pressure dos; to the lower 
limits of thr ranges given abnvc, at which ;t 
is known that hydrogenriijan will not occur to 
an ^ent sufficient to -cause an unacceptable 

15 temperature rise. The 3Jlphur content of the 
effluent from thr, process, and its naphthene 
content, arc surveyed and wiTCn the sulphur 
content liters*.; h io aoov* a set level the tem- 
perature, and, ic desiritf, the pressure, arc 

20 increased » such an extent that the set value 
13 attained. It the naphthenc contriu increases 
above the desired level, the tcmpcratu:\» and, 
optionally, pre^urc. need to be reduced. The 
actuaj value? of temperature and pressure are, 

25 accordingly compromise value*. 

Although operation fcciow the threshold 
tnnpeninife mca^c tha* sulphur absorption is 
by far the ma -'a rai:;rkm occurring, some 
hydrogcjiaticn of the jeedstack docs occur, and 

30 this may he in exothermic reaction. Thus in 
the case of benaene nydiogenaiion, a tempera- 
ture rise of 28°F may occur for each one 
percent conversion to cycluhexanc at 440°R 



The degree of hydrogerarion that occurs in 
tiie present desulphurisation will normolly be 35 
lcs$ than 5 ; % by wt. of the feedstock, but it 
may be. desirstbie to cool the reactor in which 
the desulphurisarioQ reaction ufcea place. This 
may be done by using recycle of effluent to 
the reactor inlet or a cooled tubular reactor. 40 
The former is preferred, since it allows addi- 
tional catalyst capacity to be conveniently pro- 
vided, and is cheaper in capital cost :han a 
tubuhr reactor. The reaction may be carried 
out in liquid or gas phase, and in one or more 45 
reactors, provided that if more A an one rcacmr 
is used, reaction conditions in each are iden- 
tical. 

The desulphurised product of the present 
process may be hydroccnarsd over a suitable 50 
catalyst, such a? a nickel or platinum hydro - 
genatioo catalyst. A process for the hydro- 
gen atioa of benzene containing less than 1 ppw 
sulphur to cydobcxane using two hydrogena- 
tion stages i< disclosed in our copending British 55 
Patent Application No, 28767/65 (Serial No. 
1144495), The present desulphurisation pro- 
cess may be used to obtain benzene having 
less than the above amount of sulphur, and 
tho hydrogenation process of this copending 60 
Application preferably usea nickel on sepiolite 
as the catalyst in each stage. 

The invention is illustrated by the following 
example. 
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Example 

Benzene containing 1.3 ppm weight of sulphur was desulphurised 
over nickel cn sepiolitc caraJyst under the following conditions;— 



Pressure psig i 
Temperature C F. ^0 
Sparc velocity v/v/h * *® 

Inlc; Hydrogen 

Inic K 2 : hydrocarbon ratio molar 0.1 : I 



Under these conditions 5 per cene weight content of the product increased. Consequently. 

oi benzene was ;on7cr:od ro cyclchexane, and the temperature wa* wised I to improve tfte 

ihe sulnhur content of the product was 0.6 dcsuJphurisation efficiency. The effect or tne 

5 ppm »eis ! it Hoisevef, ue extent of the hjxlro- changes in operating wmperauire was as 

gcnaiiun gradually fic:r:asca and ;ho sulphur follows. 



HOS 




Temperature 
F. 


Cyclohcxane Content 
of Product 


Sulphur Concent 
of Product 
ppm 


Catalyst 
Sulphur : Nickel Ratio 
Atomic 


0 


HO 


1 — — 


0.6 
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sou 




1.3 


0,9 


0.0015 


630 


200 




0.5 


0.001V 


800 






0.6 


0.002? 


M this point ihc plant ptessurc was raised to 15 psig and the levels 
of hydrogeriarior. and desulphurisation also increased. 
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300 




0.4 
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4.2 
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0.0054 


1920 




3< 


0.8 


0.0072 


As the sctivlry of the catalyse declined further the temperature was 
again raked, and it was also possible to increase the pressure to 45 psig. 


200C 


400 


3,2 


0,5 
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2380 
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WHAT WE CLAIM IS: — 
L A process for ii»e dc^uiphurisaiion of^an 
15 arcmaric feedstock which comprises contacting 
the feedstock ia the presence of hydrogen, with 
a supported nickel catalyst m a temperature 
and pressure nt which the catalyst has desul- 
phurisation activity, but hdow that at wh:cn 
20 h has substantial hydrr>f,cnacion activity, and 
progressively increasing the Temperature and, 



it desired, increasing rhe pressure, as the cata- 
lyM laloes up sulphur, rh* conditions of opera, 
tioa being such that no substantia 1 c mount ol 
hydrogen sulphide is produced in the process. 25 

2. A process as claimed in claim 1, in which 
ihe feedstock: is either benzene or benzene in 
admixture with a minor proportion of material, 
orher than sulphur-containing material which 
is not substantially hydrogenaied under the 30 
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reaction conditions and which does not de- 
activate the catalyst surface under those con- 
ditions. 

3. A process a.< claimed in tidier of the 
> preceding damn in which the supported nk*cl 

ctralyui 13 nickel or sepiolite 

4. A process *s claimed in claim 3, in 
which the catalyse contains from \ 50% 
w:. nickel cxprewtd as elemental nickd, and 
preferably from 5 to 75% wt. nieicel, by weight 
of total catalyst. 

5. A process «i5 claimed b arry of the pre- 
ceding claims in which the reason tempera- 
ture i* increased within the ranga 5C to 290°C. 

15 and preferably within the range 75 to 250°C. 

6. A process as canned in any cvf t:ve pre- 
ceding claims in which the reaaion pressure 
is increased w.'thic the range 0 to 20G0 pag. 

7. A process a? claimed in cairn 6, in 
20 which the pressure is from 0 to 50 psig when 

the catalyst miphur: nickel atomic ratio i* nut 
more than 0.1 : 1 end from 50 to 2000 psig 
when th? sulphur: nickel atomic ratio is greater 
than 0.1 1. 



8. A process as claimed in any of the pre- 25 
ceding claim*, in which tile apace velocity If 
from 0.05 to 10 v/v/hr, and preferably 0.2 

to 5fl v/v/hr, ond the Inlet hvdrogen: hydro- 
carbon mole ratio oa total toed w 0.01 to 
0,5 : 1, end preferably COS to 0.2: 1. W 

9. A process as claimed in any of the pre- 
ceding claims ill which a mixed gas contain- 
ing hydrogen and one or more rcaafocwaert 
constituents is used. 

10. A process as claimed in claim 9, in 35 
which a &s containing approximately 95% 
hydrogen, together with methane, is used, 

11. A process fcr the desulphurizatran of 
an aromatic feedstock substantially as herein- 
before des:ribed with reference to the Exarrmfc. 40 

12. A desulphurised aromatic feedstock, 
wh<m desulphurised according to a process 
claimed in cny of the preceding claims. 

J. WQOLARD, 
Agent foe the Applicants, 
Chartered Patent Agent 
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